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STRESS TOLERANT ORGANISMS
EXPRESSING A MAP KINASE HOMOLOGUE

FIELD OF THE INVENTION

The present invention relates to a MAP kinase homologue
gene, designated EhHOG, 1solated from Furotium herbavi-
orum,a common fungal species from the extreme hypersaline
environment of the Dead Sea, to vectors comprising 1t, and to
transgenic plants and other organisms containing said gene.
In particular, it relates to methods for conferring salt tolerance
and other generalized stresses tolerance such as heat toler-
ance, oxidative tolerance osmotic tolerance and freezing-
thawing tolerance on plants and other organisms.

BACKGROUND OF THE INVENTION

The productivity of crops 1s greatly affected by salt stress.
The progressive salinization of soil, estimated at around 20%
of irrigated land, has made the genetic improvement of salt
tolerance an urgent priority for the future of agriculture. Salt
tolerant plants can facilitate use of marginal areas for crop
production, or allow a wider range of sources of 1rrigation
water.

The Dead Sea 1s one of the most saline lakes on earth
(salinity about 340 g/1). The pioneering studies of Benjamin
Elazari-Volcani in the 1930s on the biology of the Dead Sea
revealed a variety of microorganisms, including red halo-
philic Archaea, unicellular green algae (Dunaliella parva
Lerche), different types of bacteria, and possibly even proto-
zoa (Volcani, 1944). Recently, filamentous fungi were 1s0-
lated from surface water to 300 m depths down 1n Dead Sea
(Buchalo et al., 1998; Nevo et al., 2003). The fungi 1solated
from the Dead Sea did not grow in undiluted Dead Sea
samples. But these 1solated fungi showed a remarkable salt
tolerance and, 1n many cases, even had a requirement for high
salt concentrations, making them halophilic. Furotium her-
bariorum 1s the most common species 1solated from Dead Sea
water from the surface to 300 m 1n all mvestigated seasons
(Kis-Papoetal., 2001). All these organisms needed to adapt to
the extremely high salinity of the Dead Sea brines.

Exposure to high environmental osmolarity leads to dehy-
dration 1n mammals; thus, consequently, cell wviability
decreases. To cope with this, the cells of both prokaryotic and
cukaryotic microorganisms have developed mechanisms to
adapt to severe osmotic changes in their environments, which
1s often called osmoregulation. To adapt to salt stress, micro-
organisms balance high external osmotic pressure by synthe-
s1zing and/or accumulating low-molecular mass compounds
which are compatible with cellular function and do not inhibit
the enzymes. Increased synthesis and/or accumulation of
glycerol and other compatible solutes, mainly polyols, have
been observed to be the major feature of fungi osmoregula-
tion (Mager and Varella, 1993).

Eukarvotic organisms use different MAN kinase (MAPK)
cascades to regulate various aspects of cellular function
(Banuett, 1998; Gustin et al., 1998). MAPKSs that specifically
transmit environmental stress signals are also known as stress
activated protein kinases. This pathway 1s called the high
osmolarity glycerol (HOG) response pathway 1n Saccharo-
myces cerevisiae (Brewster et al., 1993). Members of this
MAPK subfamily include Hogl 1n S. cerevisiae, Spcl (also
called Styl) i Schizosaccharomyces pombe, SakA 1n
Aspergillus nidulans, and p38/INK 1n the mammalian.
Indeed, S. cerevisiae hogl mutants are sensitive to high osmo-
larity, whereas spc1 mutations 1n.S. pombe result in sensitivity
to high osmolarity, heat shock, and oxidative stress. Activa-
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tion of the HOG pathway increases the transcription of some
proteins, mcluding enzymes mmvolved 1n glycerol synthesis

(Albertyn et al., 1994; Norbeck et al., 1996). As a result, a
high accumulation of glycerol inside the cell occurs and leads
to increased internal osmolarity and restores the osmotic gra-
dient between the cells and their environment (Akhtar et al.,
1997; Norbeck & Blomberg, 1997). Theretore, HOG1 gene
holds a key position 1n osmoadaptation of the yeast S. cerevi-
siae.

The presence of HOG1 homologous genes has been
reported 1n fungal species (Degols et al., 1996), plants (Hirt,
1997), and animals (Marshall, 1994 ) indicating that this path-
way 1s conserved among eukaryotes. However, no informa-
tion 1s available 1n osmosensing signal transduction pathway
in F. herbariorum.

In the past few years there have been large advancements 1n
the 1dentification of genes that are responsible for salt toler-
ance 1n halophytic plants. Today salt tolerant tomatoes have
been produced using genes identified from Arabidopsis
thaliana and Saccharomyces cerivisiae. Serrano and cowork-
ers have i1dentified two genes, HAL1 (Gaxiola et al., 1992)
and HAL?2 (Glaser et al., 1993) 1n Saccharomyces cerivisiae
by selecting for genes whose overexpression leads to
improved growth on saline conditions. A HAL1 homolog 1s
present 1n plants, where 1t 1s induced by NaCl and abscisic
acid, a plant hormone known to mediate adaptation of plants
to osmotic stress (Murguia et al., 1993).

Another gene, calcineurin, or phosphoprotein phosphatase
type 2B (PP2B), 1s a calmodulin-regulated enzyme found in
many organisms, including yeast. Although its physiological
functions are not well understood, 1t 1s known that yeast
strains which do not contain active calcineurin proteins are
more sensitive to growth inhibition by salt than are wild-type
strains. Bacterial genes associated with salt tolerance have
also been 1dentified (Tarczynski et al., 1993).

The genetic manipulation of crop species with individual
transgenes could lead to an improvement 1n tolerance level,
which would be sufficient from a breeding point of view.
Some transgenes, related mainly to the synthesis of
osmolytes, have been introduced 1n tobacco (Traczynski et
al., 1993) and Arabidopsis (Hayashi et al., 1997). In general,
the expression of those transgenes seems to confer a low
tolerance level to osmotic (water deficit) and/or salt (NaCl)
stress. U.S. Pat. No. 5,859,337 describes 1solation of two
genes from Arabidopsis coding for STZ and STO polypep-
tides, capable of conferring salt tolerance to plants and other
organisms. PCT Publication WO 03/097827 discloses salt-
tolerant tomato plants comprising betaine aldehyde dehydro-
genase (BADH) gene.

Despite the efforts toward cloning genes conferring toler-
ance to high saline condition, no single salt tolerance gene has
been 1solated from the Dead Sea microorganisms. The
present invention addresses these needs.

SUMMARY OF THE INVENTION

The present invention relates to a MAP kinase homologue
gene 1solated from Furotium hervbariorum, herein designated
EhHOG, the coding region of said FEhHOG gene being rep-
resented by SEQ ID NO:1 herein, and to an 1solated DNA
having a nucleotide sequence differing from SEQ. ID NO: 1

in codon sequence due to the degeneracy of the genetic code.
The gene EhHOG codes for the ERHOG protein of SEQ 1D

NO: 2.
The present invention further relates to plants and other
organisms transformed with said EhHOG gene and express-

ing the FEhHOG protein of SEQ ID NO: 2, which confers
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tolerance to abiotic stresses such as osmotic, high salinity,
heat, freeze, dehydration, or oxidative stress.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A-1B show that the EhHOG gene encodes a mem-
ber of the stress MAPK family. 1A. Multiple alignment
(CLUSTAL W software) of homologous protein from E. her-
bariorum, EnHOG (SEQ ID NO:2); A. nidulans, SakA (An-
Saka, SEQ ID NO:15) (AF282891); A. nidulans, Mpkc (An-
MpkC, SEQ ID NO:16) (AF195773); S. pombe, STY1
(SpSTY1, SEQID NO:13) (X89262) and S. cerevisiae, Hogl
(ScHogl, SEQ ID NO:14) (U53878), 1s shown. Conserved
TGY phosphorylation lip found 1n stress MAP kinases 1s
shaded. Boxed amino acid represents the C-terminal common
docking (CD) motif, 1n which the conserved hydrophobic
amino acids tyrosine (Y) and histidine (H) are underlined, and
conserved acidic aspartic acids (D) are bold. *=perfectly con-
served residues; :=very similar residues; .=similar residues.
1B. Rooted phylogenetic tree of MAPK family constructed
by the neighbor-joining method (45) based on amino acid
sequences by the program MEGA 2.1. The numbers at nodes
are bootstrap confidence values based on 1,000 replicaes. The
tree was corrected with Poisson correction. Accession num-

bers of used genes were listed 1n the supplementary table.
P38, animal SAPK2 CLUSTER; JNK (c-jun N-terminal pro-

tein kinase), animal SAPK1 cluster; HOG, fungi SAPK clus-
ter; PERK, plant ERK cluster; ERK1 and ERKS, human and
ammal ERK cluster; YERK1 and YERK?2, yveast ERK1 and
ERK2 clusters. The conserved dual phosphorylation motif
TXY (threonine-variable amino acid-tyrosine) of each sub-
family 1s shown 1n parentheses.

FIG. 2 shows Southern blot analysis of E. herbariorum
EhHOG gene. The genomic DNA was digested with EcoRI
(lane 1); BamHI (lane 2); HindIIl (lane 3); Alul (lane 4). A
800 bp PCR fragment was used as a probe.

FIG. 3A shows the growth of the S. cerevisiae strains:
mutant hoglA (E), wild type (A), hogl A containing EhHOG
(E+EhHOG), and hogl A containing empty plasmid pADNS
(E4+pA), 1n the presence of L1Cl, NaCl, KCI, Mg(Cl,, CaCl,,
Dead Sea water, and sorbitol. Serial 10-dilutions of saturated
cultures (OD600=2) were spotted onto YPD (yeast extract/
peptone/dextrose) plates supplemented with LiCl, NaCl,
KCl, MgCl,, CaCl,, Dead Sea water, and sorbitol at the
concentrations indicated. The plates were then imncubated at
30° C. FIG. 3B are graphs showing the growth curves ol yeast
strains 1n Y PD medium (upper graph), 250 mM LiCl (middle
graph), 300 mM LiCl (bottom graph). A, wild type; E, mutant
(hoglA); E-EhHOG, hoglA containing EhHOG; E-PA,
empty vector. Growth of cells was estimated by measuring
turbidity at 600 nm.

FIG. 4 shows the morphology of S. cerevisiae wild type
strain (YSH6.142-3A), hoglA (YSH444), YSH444 contain-
ing EhHOG strain (YSH444/EhHOG) and YSH444/empty
plasmid. Cells were grown 1n the presence of 250 mM LiCl.

FIG. 5 1s a graph showing the change of intracellular glyc-
crol content 1 S. cerevisiae strains wild type (W), hoglA
mutant (M) and mutant containing EhHOG gene (M/pEh-
HOG). Cells were grown 1n SD media and harvested at OD
0.5-0.8. The cells were resuspended in fresh media with or
without 0.4 M NaCl and incubated further for 1 hour at 30° C.,
and then the intracellular glycerol was measured.

FIG. 6 shows heat stress tolerance of various yeast strains.
Yeast cells M (mutant hoglA) (1), transtormant M/EhHOG
(2), and wild type (3) were grown for 24 h 1n SD (minimal
medium) and cell density was adjusted to OD600 at 1.8.
Serial dilutions of ten times were made. Ten microliters of
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cach dilution was spotted on solid YPD plates (control). Cells
onYPD plates were treated 1n 42° C. for 1 day and allowed to

recover at 28° C. for 36 h (A) and 69 h (B); for 2-day heat
stress, cells recovered at 28° C. for 48 h (C).

FIGS. 7A-7B show freeze stress and oxidative stress tol-
erance 1n various yeast strains. 7A, Freeze stress tolerance of
cells was determined by measuring viability after a number of
freeze-thaw cycles (-30° C. and room temperature). 7B, Cells
were grownto OD,, 1.0-1.5 1 SD medium at 30° C. and then
incubated for 1.5 h with increasing concentrations of H,O, 1n
SD. Percent survival was expressed relative to the initial
viability prior to freezing or oxidative stress. Results are
representative of three independent experiments. Closed tri-
angles—wild type; closed square—M, mutant hogl A; closed

circle—N/EhHOG.

DETAILED DESCRIPTION OF THE INVENTION

In one aspect, the present invention relates to an 1solated
gene comprising a DNA having a nucleotide sequence
selected from the group consisting of SEQ ID NO: 1 and
isolated DNA having a nucleotide sequence differing from
SEQ ID NO: 1 in codon sequence due to the degeneracy of the
genetic code.

The DNA of SEQ ID NO: 1 corresponds to the coding
region of the EhHOG gene, 1solated from Eurotium hevbari-
orum, found in the Dead Sea, Israel. This gene codes for the
EhHOG protein of the amino acid sequence shown 1n SEQ 1D
NO: 2.

The present mvention further relates to a chimeric gene
construct capable of expression 1n plant cells and 1n other
microorganisms, like veasts, comprising: (a) a DNA
sequence of SEQ ID NO: 1 coding for the EhHOG protein of
SEQ ID NO: 2, and (b) DNA sequences enabling expression
of the EhHOG protein 1n the host cells. In one embodiment,
one of the DNA sequences that enable the expression of the
EhHOG protein 1n the host cell 1s a promoter. Such promoter
may be a constitutive promoter, a stress-induced promoter, a
tissue-specific promoter and any other promoter known 1n the
art that enables the expression of the EhHOG protein 1n the
host cell.

The ivention further relates to a recombinant vector car-
rying the gene comprising a DNA having a nucleotide
sequence consisting of SEQ ID NO: 1, in particular a recom-
binant expression vector comprising a chimeric gene con-
struct in which the DNA of SEQ ID NO: 1 1s operably linked
to DNA sequences enabling expression of the EhHOG pro-
tein 1n host cells such as plant cells, yeasts or other microor-
ganisms.

The vector used to introduce the nucleic acid 1nto the host
cell may be a plasmid, in which the DNA encoding the
EhHOG protein 1s mserted into a unique restriction endonu-
clease cleavage site. The DNA 1s inserted into the vector using
standard cloning procedures readily known 1n the art. This
generally ivolves the use of restriction enzymes and DNA
ligases, as described, for example, by Sambrook et al. (1989).
The resulting plasmid, which includes nucleic acid encoding
the EhHOG protein, can then be used to transform a plant cell
(see generally, Gelvin and Schilperoort, 1994), or to trans-
form another host cell.

For the transformation, the plasmid preferably also
includes a selectable marker. Commonly used selectable
markers include the kanamycin-resistance, kanamycin phos-
photransierase II (nptll) gene, the hygromycin-resistance,
hygromycin phosphotransierase (hpt) gene, the phosphino-
thricin acetyl transierase gene (bar), the S-enolpyruvylshiki-
mate-3-phosphate synthase (EPSPS), neomycin 3'-O-phos-
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photransferase (npt 1I), or acetolactate synthase (ALS). In
preferred embodiments of the invention, the selectable
marker 1s the hpt or nptll gene that allows selection of the
transformants with hygromycin or kanamycin, respectively.

The plasmid may also include a reporter gene that, upon
expression, provides a clear indication that genetic transior-
mation did take place. Commonly used reporter genes are
beta-glucuronidase (GUS), luciferase and green fluorescent
protein (GFP). Reporter genes are often placed downstream
of the promoter region and 1n the proximity of the gene of
interest to ensure that they are expressed together and not
separated by crossover events.

The plasmid pretferably also includes suitable promoters
for expression of the nucleic acid encoding the EhHOG pro-
tein and for expression of the selectable marker gene. In one
embodiment, for the transformation of plants, the promoter 1s
a constitutive promoter, for example, the cauliflower mosaic
virus 35S (35S CaMV) promoter, commonly used for plant
transformation, as well as the rice actin 1 (Actl), the Ubig-
uitin 1 (Ub1l), the alpha-amylase gene promoter, and promot-
ers of genes induced by stress. In other embodiments, the
promoter may be a tissue-specific promoter or the endog-
enous promoter of the EhHOG gene. In one preferred
embodiment, the promoter used in the present invention 1s the
35S CaMV promoter. In the plasmid, the nucleic acid encod-
ing the EhHOG protein may be under the control of one
promoter and the marker gene may be under control of the
same or ol a different promoter.

In a further embodiment, the present invention provides
host cells, e.g., plant cells carrying the nucleic acid of SEQ 1D
NO:1 encoding the EhHOG protein. In another embodiment,
the present invention provides transgenic plants carrying the
nucleic acid of SEQ ID NO: 1 encoding the EhHOG protein.

For plant transformation, the plasmid also preferably
includes a nucleic acid molecule encoding a 3' terminator
such as that from the 3' non-coding region of genes encoding
a proteinase mnhibitor, actin, or nopaline synthase (NOS). In a
preferred embodiment, the plasmid of the present invention
includes the nopaline synthase (NOS) terminator.

In one embodiment of the invention, the plasmid includes
an enhancer element or elements that enhance the transcrip-
tion of the EhHOG gene.

The plasmid 1s preferably a binary vector in which the
genes ol interest are inserted within the T-DNA borders.
Examples of such vectors that can be used 1n the present
invention are vectors obtainable from commercial sources
such as the pCambia 1301, the pBI121, which contains a
low-copy RK2 origin of replication, the neomycin phospho-
transierase (nptll) marker gene with a nopaline synthase
(NOS) promoter and a NOS 3' polyadenylation signal, the
pBI101 and functionally similar vectors described by Becker
et al. (1992), and the pPZPY 112 vector.

For the transformation of the plants, any suitable method
can be used such as Agrobacterium-mediated transformation
or particle bombardment (also known as biolistic transforma-
tion).

In the Agrobacterium-mediated transtormation, plant cells
are contacted with an inoculum of the bacteria transtformed
with the plasmid comprising the gene that encodes for the
EhHOG protein of the invention, for example by imnoculating
the plant cells with a suspension of the transformed bacteria.
Suitable bacteria from the genus Agrobacterium that can be
utilized to transtorm plant cells include the species Agrobac-
tevium rhizogenes and Agrobacterium tumefaciens, preler-
ably A. tumefaciens strains LBA4404 or EHA105. Agrobac-
terium spp. are transformed with the plasmid by conventional
methods well-known 1n the art.

10

15

20

25

30

35

40

45

50

55

60

65

6

Using the floral dip transformation protocol (Clough et al.,
1998), the A. tumefaciens strain carrying the EnHOG gene 1n
the binary vector 1s grown in a growth medium 1n the presence
of antibiotic, e.g. kanamycin, to select for the binary plasmad.
The bacteria are spun down and resuspended 1n a 3% sucrose
solution, followed by the addition of a surfactant, e.g. Silwet
L-77. After mixing, the plants (after flowering) are dipped
into the bacteria solution and kept under a dome or cover for
16-24 hours. The seeds are recovered and putative transior-
mants are selected by plating the sterilized seeds on an anti-
biotic, e.g. hygromycin, and transplanting the putative trans-
formants to soil. For higher rates of transformation, plants
may be dipped two or three times at seven day intervals.

In cereals, the most commonly used tissue for transforma-

tion of wheat and barley has been the immature embryo from
the developing grain (Weeks et al., 1993; Nehra et al., 1994;

Becker et al., 1994; Wan and Lemaux, 1994; Barcelo and
Lazzeri, 1995).

For the transformation of cereal plants, direct insertion of
the DNA of interest may be carried out using the particle
bombardment (biolistics) technique. According to this
approach, rapidly propelled tungsten or gold microprojectiles
(which are smaller than the plant cells) coated with the DNA
ol interest are blasted into cells. After the target tissue is
bombarded with the DNA-coated particles under vacuum, the
DNA of interest disperses from the particles within the cells
and then integrates into their genome (Harwood et al., 2000).
In an alternative, the particle bombardment technique can be
combined with the Agrobacterium technique to facilitate
transformation (Tingay et al., 1997; Cheng et al., 1997)

The mvention further relates to a transgenic plant trans-
formed with the DNA of SEQ ID NO: 1, that encodes the
protein EhHOG consisting of the amino acid sequence as
shown 1n SEQ ID NO: 2, said DNA being operably linked to
DNA sequences enabling expression of the EhnHOG protein
in plant cells and subsequent improvement of tolerance of the
plant to abiotic stresses such as osmotic, heat, freeze, dehy-
dration, oxidative or high salinity stresses. Thus, the invention
includes a transgenic plant which contains 1n 1ts cells a chi-
meric gene construct capable of expression in plant cells,
comprising: (a) a DNA sequence of SEQ ID NO: 1 coding for
the EhHOG protein of SEQ ID NO: 2, and (b) DNA
sequences enabling expression of the EhHOG protein in plant
cells.

The transgenic plant of the ivention may also contain an
enhancer element or elements that enhances the transcription
of the SEQ ID NO: 1, mndependent of orientation of the
enhancer or 1ts distance from the gene promoter.

The transgenic plants according to the invention include,
without being limited to, edible crop species such as toma-
toes, beans, including soybeans, and peas, and cereals such as
wheat, barley, corn, rice, oats, and forage and turf grasses.

In another embodiment, the invention relates to a host cell,
¢.g., a microorganism, preferably yeast, cell comprising the
DNA sequence of SEQ ID NO:1 coding for the EhHOG
protein. In another embodiment, the invention relates to a
biologically pure culture of a microorganism, preferably
yeast, comprising the DNA of SEQ ID NO: 1 that encodes the
protein EhHOG consisting of the amino acid sequence as
shown 1n SEQ ID NO: 2, said DNA being operably linked to
DNA sequences enabling expression of the EhHOG protein
in the microorganism cells and subsequent improvement of
tolerance of the microorganism to abiotic stresses, such as
osmotic, heat, freeze, dehydration, oxidative or particularly,
high salinity, stresses.

For the transformation of yeasts, mainly of the species S.
cerevisiae or Schizosaccharomyces pombe, 1t 1s usual to use
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plasmids capable of autonomous replication 1n the yeast cell
by the presence of a replication origin recognized by the
replication machinery of the host cell. These plasmids gen-
erally comprise the replication origin of the 2-micron plasmid
present i most of this species, or even as ARS segment of
autonomous replication of chromosomal origin. As a marker
gene, there 1s generally used a gene which codes for an
enzyme involved in the biosynthesis of an essential metabo-
lite, e.g., an amino acid. In such a case, the host cell to be used
1s a yeast strain, which, through mutation, has become aux-
otrophic for this metabolite. By inoculating with this strain a
medium free from said metabolite, only those cells trans-
formed by a plasmid bearing the missing gene will be able to
OIOW.

These plasmids often further comprise bacterial sequences
capable of ensuring their replication and their selection 1n an
intermediate bacternial host, e.g., Escherichia coli. Finally, to
ensure an expression level as high as possible of the coding
part ol interest, 1t 1s necessary to associate 1t with an efficient
promoter. Various strong promoters are known 1n yeast, e.g.,
the promoters of alcohol dehydrogenase (ADH), 3-phospho-
glycerate kinase (PGK) and galactose (GAL).

The carbohydrates which can be utilized by the yeast
strains of the present mvention include any of the starch or
sugar containing materials normally fermented to form etha-
nol or carbon dioxide, including for example, grapes. The
fermentations are normally run under the usual fermentation
conditions. The fermentation product may then be further
treated to produce a beverage such as bear or wine. The yeast
strains may be also used as a leaving agent in baked goods.

The invention further encompasses the transformation of
other microorganisms, €.g. genetically modified microorgan-
isms for industrial purposes in food, agriculture, medicine
and mining. Examples are microorganisms for use 1 biode-
tergentes or for production of enzymes for use in detergents,
bacteria that synthesize useful products such as indigo, the
compound used to dye jeans blue, etc. These microorganisms
are subject to stress during the industrial process and their
transformation according to the mvention will increase their
tolerance to salinity, heat, freeze and other stresses.

The salt tolerant transgenic plants or other organisms of the
invention are capable of growing under saline conditions,
which inhibit the growth of at least 95% ofthe parent, non-salt
tolerant plant or other organisms from which the salt tolerant
organisms are derived. Typically, the growth rate of salt tol-
erant organisms of the imnvention will be inhibited by less than
50%, preferably less than 30%, and most preferably will have
a growth rate which 1s not significantly inhibited by a growth
medium containing water soluble inorganic salts which
inhibits growth of at least 95% of the parental, non-salt tol-
erant plant. Salt concentration under which organisms of the
invention are capable of growing are typically between about
20 mM and about 500 mM, often between 40 mM and about
300 mM.

In the case of plants, exemplary water-soluble 1mnorganic
salts commonly encountered 1n saline soils are alkali metal
salts, alkaline earth metal salts, and mixtures of alkali metal
salts and alkaline earth metal salts. These commonly include
sodium sulfate, magnesium sulfate, calcium sulfate, sodium
chloride, magnesium chloride, calcium chloride, potassium
chloride and the like.

After selecting the transformed cells, the expression of the
gene of the mvention can be confirmed by standard tech-
niques. Simple detection of mRNA encoded by the mserted
DNA can be achieved by well known methods 1n the art, such
as Northern blot hybridization. The inserted sequence can be
identified by Southern blot hybridization as well.

5

10

15

20

25

30

35

40

45

50

55

60

65

8

In addition, the transformed cells with the salt tolerance
phenotype can be selected 1n vitro by culturing the cells on

media containing increased morganic salt concentrations. For
instance, callus tissue can be transferred to standard tissue
culture media supplemented with inorganic salts described
above, typically sodium chloride. The salt concentration will
typically be greater than about 80 mM, preferably about 140
mM, to about 30 mM. The concentration will vary depending
upon the sensitivity of the plant being transformed.

Transformed plant cells, which are derived by any of the
above transformation techniques can be cultured to regener-
ate a whole plant, which possesses the transformed genotype
and thus display the salt tolerant phenotype. Such regenera-
tion techniques rely on manipulation of certain phytohor-
mones 1n a tissue culture growth medium, typically relying on
a biocide and/or herbicide marker, which has been introduced
together with the desired nucleotide sequences.

One of skill will recognize that after the expression vector
1s stably incorporated in transgenic plants and confirmed to be
operable, it can be introduced into other plants by sexual
crossing. Any of a number of standard breeding techniques
can be used, depending upon the species to be crossed.

The mvention will now be illustrated by the following
non-limiting examples.

EXAMPLES

Materials and Methods

(1) Fungus, yeast strains and culture conditions. Furotium
herbariorum was 1solated from Dead Sea water (Kis-Papo et
al., 2001). It was cultured 1n GY medium (1% yeast extract,
10% glucose) at 25° C. Escherichia coli strain XL/B was used
for transformation and plasmid propagation. £. coli XL/B
was grown in Luria Betani (LB ) medium at37° C. for plasmid
mampulation. The S. cerevisiae strains used in this study were
wild-type YSH6.142-3A (M4Ta leu2-3/112 ura3-1 trpl-1
h1s3-11/15 ade2-1 can1-100 GAL SUC2 mal0) and YSH444
(AMTa hogl ATRP1 mutant) (Albertyn et al., 1994). Yeast
cells were grown 1n a rich medium (YPD) contaiming 1%
yeast extract, 2% peptone, and 2% glucose or in a minimal
medium (SD) containing 0.67% yeast nitrogen base and 2%
(w/v) glucose supplemented with required amino acids on a
rotatory shaker at 30° C. (Sherman, 1991). Agar (1.5%) was
added to these media when required.

(11) DNA and RNA 1solation. Myceha of E. herbariorum
cultured in GY medium for 2 weeks and harvested by filtra-
tion were then soaked 1n fresh GY medium with 2 M NaCl for
various periods of time. Total RNA was prepared from F.
herbariorum by Total RNA Isolation Kit (Beit Haemek,
Israel). DNA from FE. herbariorum was 1solated and purified
by a modification of the method of Raeder and Broda
(Mcalpin, C. E. 1995). Genomic DNA of yeast was 1solated
according to a basic protocol (Philippsen et al, 1991).

(111) DNA and RNA Southern and Northern blot analysis.
For Southern Blot analysis, 10 ug of hugh punty E. herbari-
orum genomic DNA was digested with enzyme EcoRI, Hin-
dIII, and BamHI (Biolab) and then transferred to a Hybond N
nylon membrane (Amersham). Southern hybridizations (60°
C.) were carried out as described by Sambrook et al. (1989).
For the probe, an EhHOG-containing DNA fragment (ap-
proximately 800 bp) was obtained by PCR amplification with
the oligonucleotides: S'-AAGAAGATTATGAAGC-
CTTTCAGC-3'(SEQ ID NO:3) and 5'-CATAATTTTCCAT-
GTGTCGACCGG-3' (SEQ ID NO:4) as the primers, and was
labeled with [°*"P] dCTP by random primer labeling kit (Beit

Haemek, Israel). For Northern blot analysis, the method of
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hybridization (68° C.) 1s the same with Southern blots. In
general, total RNA was electrophoresed 1n 1% formaldehyde
agarose gels, and blotted onto Hybond N filters (Amersham).
The [**P] dCTP-labeled 1.1 kb amplified genomic DNA was
used as the probe. Hybridization was done 1n 5x saline-so-
dium phosphate-EDTA (SSPE), 5, Denhardt’s solution, and
0.5% sodium dodecyl sulphate (SDS) for 16 h at 68° C.; filter
was washed 1n 2x saline-sodium citrate (SSC) containing,
0.1% SDS at 50° C. (2x30 min), 60° C. (30 min).

(1v) Isolation of EhHOG gene from E. herbariorum. To
isolate the HOG gene from FE. herbariorum, PCR was per-
formed using genomic DNA as the template and oligonucle-
otides  5S-ATGGCGGAATTCGTGCGTGCCACGATT-3'
(SEQ ID NO:5) and 5'-GGCCGCGAATGCCTGCTGGC-
CATCCCC-3' (SEQ ID NQO:6) as the primers. PCR amplifi-
cation was performed using a Peltier thermal cycler (PTC
100, MJ Research, USA) for 35 cycles. Each cycle consisted
of 30 s at 94° C., 30 s at 55° C. and 1 min at 72° C. The
amplified fragments were subcloned nto pGEM-T easy
(Promega) and sequenced. To obtain full length HOG cDNA,
reverse transcription PCR(RT-PCR) was performed. For RT-
PCR, two HOG specific primers 3'-CAAAGCTTATGGCG-
GAATTCGTGCGTGCCACGATT-3' (SEQ ID NO:7) and
S'-GGCCGCGAATGCCTGCTGGCCATCCCC-3' (SEQ ID
NO:8) were synthesized. First-strand cDNA synthesis was
performed 1n a 20 pl reaction mixture according to cDNA
Synthesis system (Promega). The 1 ul sample of first strand
cDNA products was then employed as template DNA 1n PCR
tor E. herbariorum HOG cDNA. PCR amplification was per-
formed with 50 ul reaction that contained 5 ul 10x butfer, 0.2
mM dNTPs (2 ul 5 mM dNTPs), 1 ul 10 mM HOG specific
primer, and 2 units Taq Polymerase (Biotools), using a Peltier
thermal cycler for 30 cycles. Each cycle consisted of 30 s at
94° C., 30 s at 55° C., and 1 mun at 72° C. The amplified
fragments were subcloned into pGEM-T easy (Promega) and
sequenced.

(v) Phylogenetic analysis. Phylogenetic trees based on the
amino acid sequences alignment of 36 MAPKSs were con-
structed using the neighbor-joining method (Saitou & Nei,
1987) implemented in MAGAZ2.1 (Kumar et al., 2001). Reli-
ability of the tree topology was evaluated by bootstrap analy-
s1s of 1,000 replicates. The resulting estimated amino acid
distances were corrected for multiple amino acid substitu-
tions per single site by Poisson correction.

(v1) Functional expression of EhHOG 1n S. cerevisiae. For
expression of EhHOG 1 S. cerevisiae, 1.1 kb full-length
EhHOG c¢cDNA was mserted into HindIII/Notl sites under

transcriptional control of the promoter for alcohol dehydro-
genase (ADH) 1n plasmid pADNS (kindly provided by Dr. Y.

Kassir, Department of Biology, Technion, Haifa, Israel)
resulting in plasmid pADNS-EhHOG. Plasmid pADNS har-
boring the S. cerevisiae HOG1 coding sequences was
obtained by subcloning HindIII-Notl fragments, which was
obtained by amplification from S. cerevisiae genomic DNA
through the primers 5-ACAAAGCTTATGACCACTAAC-
GAGGAATT-3'(SEQID NO. 9)and 5'-CTGGCGGCCGCT-
TACTGTTGGAACTCATTAG-3'(SEQ ID NO. 10).
Transtormation of yeast cells with pADNS-EhHOG was
performed by the lithium acetate/single-stranded carrier
DNA/polyethylene glycol methods (Gietz & Woods, 2002).
(vi1) Growth Assays. The EhHOG gene was expressed in S.
cerevisiae wild strain YSH6.142-3A and mutant YSH444
(AMTa hoglA:TRP1), which lacks HOGI1. Cultures of
strains transformed with pADNS or pADNS-EhGPD were
grown 1n SD-LEU medium and YPD medium in the presence
or absence of various concentrations of NaCl, L1Cl, and sor-
bitol. For the growth test, cells were grown at 30° C. for 36
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hours; density was adjusted to OD600 at 2. Serial dilution,
1/10, was made at each step. From each dilution, 101 was
spotted on different media and incubated at 30° C. for 3-5
days. At various time points, aliquots of the cultures were
measured by optical density at 600 nm. For heat stress, cells
were grown to OD ., 1.8-2. Serial dilutions of ten times were

made. Ten microliters of each dilution was spotted on solid
YPD plates. Cells on YPD plates were incubated at 42° C. for

1 day and allowed to recover at 28° C. for 36 h and 69 h; for
2-day heat stress, cells recovered at 28° C. for 48 h. Freeze-
stress tolerance of cells was determined by measuring viabil-
ity after the number of freeze-thaw cycles (-30° C. and room
temperature). The survival percent was expressed relative to
the 1nitial viability prior to freezing. For oxidative stress, cells
were grownto OD,, 1.0-1.5 1n SD medium at 30° C. and then
incubated for 1.5 h with increasing concentrations of H,O, 1n
SD. The survival percent was expressed relative to the initial
viability prior to oxidative stress.

(vii1) Northern analysis of mRNA from S. cerevisiae
YSH444 strain containing EhHOG. Total RNA was prepared
from wild type strain YSH6.142-3 A, mutant strain Y SH444,
and transformant pADNS-EhHOG according to total RNA
Isolation Kit (Beit Haemek, Israel). The DNA fragment that
encodes the GPD1 of S. cerevisiae was prepared by PCR
amplification with oligonucleotides 5'-ATGTCTGCTGCT-
GCTGATAG-3" (SEQ ID NO:11) and 5-AGAGCCTC-
GAAAAAAGTGGG-3' (SEQ ID NO:12) as primers and
genomic DNA as a template. The DNA fragment was labeled
with [**"P]dCTP by random primer labeling kit (Beit Hae-
mek, Israel) and used as a GPD1 probe. Northern blot analysis
was carried out as described above.

(1x) Assays of intracellular glycerol content 1n various S.
cerevisiae strains. YSH6.142-3A, YSH444 (MATa hoglA::
TRP1), and YSH444 with PANDS-EhHOG were cultured at
30° C. 1n SD media and harvested at the early exponential
phase (OD,,,=0.5-0.8). Subsequently, cells were resus-
pended 1n a new media with or without 0.4M NaCl. After
incubation for 1 hour at 30° C., cells were harvested and
washed twice with the same concentration of NaCl. The cell
pellet was then suspended in 5 ml distilled water and dis-
rupted by vortexing for 10 min with 5 g glass beads at 4° C.
The homogenate was centrifuged for 20 min at 10,000 g at 4°
C. The supernatant was immediately heated for 10 min 1n
boiling water to mactivate enzymes connected to the metabo-
lism of glycerol. After centrifugation for 20 min at 10,000 g to
remove denatured protein, the supernatant was used to mea-
sure the intracellular glycerol concentration. The glycerol
content was determined according to the application manual
of the glycerol-F kit (Boehringer Mannheim).

(x) Plant Transformation. The putative open reading frame
of the EhHOG gene (SEQ ID NO:1) 1s amplified by PCR. The
PCR products are cloned into an pGEM®-T Easy Vectors
(Promega) and confirmed by sequence analysis. The EhHOG
gene 1s excised using Ncol and Bst EII and the insert 1s ligated
into the BamHI-Sacl restricted pCambia 1301 vector
between the CaMV 35S promoter and the nopaline synthase
(NOS) terminator sequence of A. tumefaciens. The chimeric
construct 35SCaMV-EhHOG-NOS 1i1s mfroduced into A.

tumefaciens strain EHA105. Tomato cotyledon explants are
infected with 4. tumefaciens as described by Gisbert (1997).

Example 1

Isolation and Characterization of the EhHOG trom
E. herbariorum

Successtul amplification of Hogl homologue 1n E. her-
bariorum was achieved with primers (SEQ ID NOs: 3 and 4)
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derived from conserved regions of Hogl from various fungal
species available, with flanking regions obtained by chromo-

some walking (Arnold & Hodgson, 1991). DNA sequence

analysis revealed a long open reading frame (ORF) inter-
rupted by eight introns, whose positions were confirmed by
sequencing cDNA and genomic DNA clones. This ORF pre-
dicted 366-amino acid residues, protein weights of 41.62
KDa, which were highly similar to a kinase from the stress-
activated MAPK family. Therefore, the corresponding gene

was named EhHOG (Eurotium herbariorum HOG).
Sequence alignment revealed that the EhHOG protein shows

the highest 1dentity to SakA (81% identity, 86% similarity)

from A. nidulans and also shares a high homology to other
MAPKSs such as Spcl (78% i1dentity, 87% similarity) in Scho.
pombe, Hogl (66% 1dentity, 72% similarity) in S. cerevisiae
and Mpkc (60% 1dentity, 74% similarity) in 4. rnidulans (F1G.
1A). A TGY motif, characteristic of hyperosmolarity-acti-
vated MAP kinases (Cano and Mahadevan, 1995), was found
at amino acids 171-173 (FIG. 1A). Sitmilar motifs have been
found 1n other yeast species (San Jose etal., 1996; Iwaki et al.,
1999) and also in MAP kinases from higher eukaryotes,
which have been shown to complement S. cerevisiae hoglA
mutants (Han et al., 1994; Rouse et al., 1994; Kumar et al.,
1993). This TGY motif 1indicated to be phosphorylated by
MAP kinase (pbslp) in S. cerevisiae (Boguslawski, 1992).

Conserved common docking domain (CD) motif of the
MAPK family 1s present in EhHogp (FIG. 1A). The CD
domain contains two acidic amino acids (Asp304, Asp307)
(FIG. 1A), which 1s crucial for docking to a cluster of basic
amino acids commonly present mn MAPK-docking sites
(Tanoue et al., 2000). Asp-304, Asp-307 of EhHogp could
serve to establish critical electrostatic interactions with the
positively charged amino acids of docking domains of
upstream and downstream etlectors together with the hydro-
phobic amino acids Tyr-302 and His-303. This docking motif
in MAPKSs 1s commonly used for recognition of their activa-
tors, regulators, and substrates. The docking interaction
increases the efficiency of all the enzymatic reactions and
may help to regulate the specificity of molecular recognition
(Enslen & Davis, 2001).

Phylogenetic analysis using representative amino acid
sequences from the three major MAPK subgroups indicated

that the sequences were clustered primarily by the type of
MAPK, forming three major clades: SAPK, ERK, and

MAPK3. Within clades ERK and SAPK, several subgroups
were clearly identified. On this tree, EhHOG was tightly
clustered with HOG subgroup of fungi relatives (Aspergillus
and yeast) (FIG. 1B). HOG subgroup 1s characterized by the
TGY motif (FIG. 1B), which 1s found 1n the sequences of
EhHOG (FIG. 1A). HOG subgroup appears more specific in
their activation by osmotic stress compared to other signals
(Kiiltz, 1998). In respect to the high-salinity environment of
the Dead Sea, EhHOG may have similar specificity to other
HOG genes.

Southern blot analysis of the genomic DNA was performed
in order to estimate the number of EhHOG copies in .
hevbariorum. The fragments obtained from the genomic
DNA digested by the restriction enzymes: EcoRI, HindIIl and

BamHI, suggested the existence of only one copy of the
EhHOG gene 1n the genome (FIG. 2). The hybridization of

the EhHOG probe with the EcoRI digested DNA showed a
signal corresponding to one fragment (2.8 kb). One fragment
was also detected following hybridization with HindIII (10
kb) and Alul (1.3 kb) digested DNA. Two fragments were
detected following hybridization with BamHI digested DNA
(9 kb and 2 kb). Since the sequence of EhHOG gene, con-
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tained an internal BamHI site the Southern analysis revealed
one copy of EhHOG gene in the genome of E. herbariorum.

Example 2

Complementation and Overexpression of a .S.
cerevisiae hogl A Mutant by EhHOG 1n High Salt

Stress

To determine the functions of EhHOG, complementation
ol S. cerevisiae hogl A null mutant (YSH444) was carried out
with EhHOG. The salt tolerance ot hogl A (YSH444 strain) 1s
lower than that of the wild-type strain, because GPDH activ-
ity 1n response to osmotic stress 1s low when HOG1 (MAP
kinase gene) 1s deleted (Albertyn et al., 1994). If EhHOG
could complement the deletion of HOGI1 1n the S. cerevisiae
hog1 A strain, the osmotic tolerance of the transformant strain
should be restored compared with the wild type. The coding
region of EhHOG was subcloned mto a yeast 2u vector
PADNS and recombinant plasmid (pADNS/EhHOG). DNA
was transiormed into the hogl A (YSH444 strain). The trans-
formants were spotted on plates containing 1M NaCl, 1M
K1, 2M Sorbitol, 0.4M CaCl,, 20% Dead Sea water and 300
mM LiCl (FIG. 3A). The mutant hoglA could not grow on
these plates, but the transtormant strain (Y SH444 strain con-
taining EhHOG) indicated growth that was comparable to the
wild type strain under all these stress conditions and even
more tolerant and faster than wild type strain 1n 300 mM LiCl
(FIG. 3A, FIG. 3B). These results indicated that EhHOG has
a similar function to the S. cerevisiae MAP kinase gene (HOG
1) with respect to salt tolerance 1n general, whereas Li+
tolerance directed by EhHogl 1s clearly higher than that of
Hogl of the wild type.

S. cerevisiae hogl A null mutant has an aberrant cell mor-
phology under osmotic stress due to large multinucleated
cells with multiple elongated buds (Brewster et al., 1993).
However, hogl A mutant containing EhHOG showed normal
cell shape (FIG. 4). This indicated that the abnormal cell
shape of hogl A mutants could be rescued by the expression of
E1HOG.

During salt stress, intracellular glycerol content 1n S. cer-
evisiae hogl A mutant increased to a much lower level com-
pared to the wild type strain and the transformant (M/pEh-
HOG) (FIG. §).

EhHOG c¢cDNA complemented the hoglA null mutation
and restored cell growth (FIG. 3A) and morphology (FIG. 4)
under salt and osmotic stress conditions. These facts demon-
strated the function of MAP kinase (HOG pathway) in the
osmosensing signal transduction pathway.

The transformant appeared to have different growth rates
on various salt media (FIGS. 3A, 3B) though 1t restored
hog1A null mutant growth on diverse salt media. On 250 mM
and 300 mM Li1Cl1 YPD plates, the transformant grew better
than the wild type. This feature 1s clearly derived from the
specific sequence of EhHOG. In addition to its therapeutic
elfects, L1™ 1s highly toxic to microorganisms and plants at
much lower concentrations compared with that of Na™. Li™
has been widely used as an analogue for Na™ in research on
stress with yeasts and plant because of its high sensitivity to
all cells and, moreover, low concentrations can be utilized,
avolding screening for osmotolerance (Bohnert et al., 1995).
The Li* concentration in the Dead Sea water is about 100
times higher than that of the normal seas, while the differen-
tials with Na™ and K™ are only about 3 and 20 times, respec-
tively (Mason, 1974; Beyth, 1980). Clearly, Li* should have
exerted much higher selection pressure on any organism liv-
ing in the Dead Sea in contrast to other ions such as Na*, K*,
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Ca™™,Mg™™. Hence, EhHog is highly likely the outcome of £.
herbariorum’s adaptation to the Dead Sea water with excep-

tionally high L.1™ content.
It has been strongly assumed that there 1s an equivalent
HOG pathway 1n E. herbariorum cells. Moreover, the hogl A/

EhHOG transformant appeared more salt tolerant than the
wild type strain under 250 mM Li1Cl and 300 mM LiCl (FIG.

3A, FIG. 3B).

In1 M MgCl, and 0.4 M CaCl, YPD media, the wild type
strain grew better than the transformant (FIGS.3A,3B).On 1
M KC1YPD plate, the transformant grew better in 1 M Na(l.
It1s possible that Na™ has more toxicity than K*. Uptake of K™
is beneficial for salt tolerance since K™ counteracts the inhibi-
tory effects of Na* on enzymatic systems (Serrano, 1996).

EhHOG transformant also increased intracellular glycerol
content during salt stress (FIG. 5). However, EhHOG did not
improve salt tolerance 1n wild type S. cerevisiae (data not
shown). These results suggest that EhHOG has similar func-
tionto Hogl 1 S. cerevisiae to regulate GPD1 gene, a second

gene 1nvolved in glycerol biosynthesis 1 S. cerevisiae
(Erikksson et al., 1995).

Example 3

Resistance of EhHOG Against Generalized Stresses

In addition to having a role 1n osmoregulation, EhnHOG was
found to be mvolved 1n responses to generalized stresses,
such as heat stress and oxidative stress, 1n S. cerevisiae (Win-
kler et al., 2002), 1n Schizosacharomyces pombe (Degols et
al., 1996), and 1n Candida albicans (Alonso-Monge et al.,
2003). During heat stress, the growth of hogl A strain recov-
ered more slowly than the wild-type strain (FIG. 6). This 1s
consistent with Winkler’s result (Winkler et al., 2002). The
transformant (hogl A/EhHOG) recovered faster than hoglA
strain, similar to the wild-type strain (FIG. 6). During oxida-
tive stress, hogl A strain was more sensitive than the wild-type
strain to H,O,, while the transformant (hoglA/EhHOG)
showed a similar survival rate to the wild-type strain (FIG.
7B). Our study indicated that EhHOG has similar function to
Hogl i S. cerevisiae to withstand oxidative stress.

During freeze-thaw stress, the transformant (hogl A/Eh-
HOG) survival rate was higher than the wild-type strain,
especially after 10 cycles (FIG. 7TA). Wild-type strain survival
rate decreased rapidly after 10 cycles and reached a similar
level to hoglA strain in 20 cycles (FIG. 7A). During freezing,
cells can be mjured by physical factors, such as intracellular
ice crystal formation and cellular dehydration. Intracellular
ice crystals are believed to rupture the plasma membrane
resulting 1n a release of cellular components 1nto the environ-
ment. Glycerol 1s probably the most widely used cryopro-
tectant that protects the cells during freezing through mini-
mizing the detrimental effects of 1ncreased solute
concentration and ice crystal formation. The data presented
herein 1s further supported by Izawa et al. (2004), who
recently reported that intracellular glycerol 1n yeast plays an
important role 1n tolerance to freezing-thawing stress.

During the thawing process, cells sufier oxidative damage
to cellular components by reactive oxygen species (Hermes-
Lima & Storey, 1993; Park et al., 1998). However, the results
provided herein, of the freeze-thaw stress are different from
those of oxidative stress. This implies that a higher survival
rate 1n the transformant (hogl A/EhHOG) than in the wild-
type strain could not be due to high resistance to oxidative
stress during freeze-thaw stress. Yeast cells may cope with
freeze-thaw stress by synthesis of stress protein (Komatsu et
al., 1990) or metabolites such as trehalose and glycerol (Iwa-
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hashietal., 1995; Lewis etal., 1993, 68). Trehalose stabilizes
the tracellular water structure and cell membranes under
stress conditions (Iwahashi et al., 1993). Freeze-thaw-toler-
ant yeast strains had higher levels of trehalose (Hino et al.,
1990), indicating that trehalose 1s a possible protectant 1n
freeze-thaw stress. Hence, EhHOG 1n the transformant pos-
sibly promoted the expression of genes involved in glycerol
and trehalose synthesis, which produced higher levels of
metabolites trehalose and glycerol synthesis in stress sur-
vival.

To further eliminate the possibility that the complementa-
tion 1s derived from the copy number of EhHOG or the ADH
promoter i the construct (pADNS/EhHOG), Hogl gene
from wild type yeast was 1solated and the construct (pADNS/
ScHOG1 ) was made similarly to that of EnHOG (Material &
Method). As with EhHOG, S. cerevisiae hogl A was trans-
formed with pADNS/ScHOGI1 and the transformant was

tested against all of the stresses as described above. The
results show that hogl A mutant transformed with wild type
Hogl displayed no significant difference to that of hoglA
mutant transformed with EhHOG, except for Li" and freez-
ing-thawing tolerances (data not shown).

The results presented herein demonstrate that EhHOG
could perform similarly to other HOGs under a range of stress
environments. More i1mportantly, yeast hoglA mutant
complemented with EhHOG displayed higher tolerance to
some types of salts and freezing as well. Evidently, the supe-
rior tolerance can be attributed to specific sequences of
EhHOG 1n contrast to other HOGs. These specific sequences
are highly likely the products of strong selection pressure

from the hypersalinity 1n the Dead Sea for the last 70,000
years.

Example 4

Genetic Transtormation and Molecular
Characterization of the EhHOG 1n Transgenic
Tomatoes

Cotyledon explants of the tomato cv P-73 are infected with
Agrobacterium tumefaciens carrying the EnHOG gene 1n the
plasmid. Organogenic calli are selected on kanamycin-con-
taining medium. PCR analysis of plants from independent
calli are tested for the presence of the EhHOG gene. PCR
positive plants are regenerated from independent calli and
PCR negative plant 1s used as a control. The integration of
different numbers of copies 1s tested by Southern analysis.
Northern analysis for the EhHOG gene 1s done 1n order to test
the presence of mRNA 1n the transgenic plants.

After molecular characterization, progeny (1G2 and TG3)
from a sample of primary transformants (1G1) are obtained
and their seeds are used 1n further experiments. The expres-
sion of the FhHOG transgene 1s detected in these plants.
Inheritance of the transgenes 1s studied 1n TG2-4 by testing
the ability of the explants to grow on media with kanamycin.

To evaluate the level of salt tolerance 1n vitro 1n the TG2-4
population, different sources of explants and NaCl concen-
trations are studied. In the shoot apex test, plant growth 1s
evaluated by measuring rooting capacity, shoot height, num-
ber of leaves, and total fresh (FW) and dry (DW) weight of
plants after 28 d on culture media with or without NaCl.

To evaluate the physiological response in vivo, three trans-
genic progeny and control are grown 1n hydroponic condi-
tions under salt or non-salt conditions. Water content and 10n
(Na™ and K™) concentrations are measured in roots and leaves
after 15 or 30 d of treatments.
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<160> NUMBER OF S5EQ ID NOS: 16
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<211>
«212>
<213>
220>

<223>

SEQ ID NO 1

LENGTH: 1101

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

OTHER INFORMATION: synthetic

<400> SEQUENCE: 1
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atggcggaat

acggagctgc

ttgaccggag

tccaagagaa

tgcctgagceg

ggcaccgacc

tcgtgcegtgc

aaccggtggg

cgcccecgtegc

catatcgcga

acattttcat

ttcatagact

cacgattttc

aatgggtgcc

cgtcaagaag

actgaagctc

ctccececcecgcete

Cttaacttct

ggcaccacct

tttggtcttyg

attatgaagc

ttgaagcatt

gaggacattt

cgaccattag

tcgaaatcac

tttgtgccgc

ctttcagcac

tgggccatga

attccgtcac

agaagcaatt

cagccggtac

aagagatcaa

acccgtcecctg

gaacattatc

cgaactcctg

catccaatat

60

120

180

240

300

360



Ctcctttacc

gatctcaaac

ggtttggccc

gcccoccocggaga

gggtgtatct

aaccaattct

atttgcagty

ttgactagca

gtctttgacc

ccataccacg

gatgcggatc

cacaacatcg

cagcaggcat

<210>
<211>

agattttgcyg

cgagcaatat

gggttcaaga

ttatgcttac

ttgctgagat

ccattatcac

aaaacacatt

ggttcaagaa

ccaagaagcyg

atcccaccga

tgccggtgga

accaaagcga

tcgecggecta

SEQ ID NO 2
LENGTH :

366

19

gggtctaaaa
cctgatcaac
ccocgcagaty
atggcaaaag
gctcecgacggy
cgaattactyg
gcgattcegte
tgcggacccet
aatccgcgcec
cgagccacgag
cacctggagy
ggatgccggyg

9

tatgtccact

gaaaactgtg

actggttacy

tatgatgtgy

aagccgctgt

ggtacgccgce

aagtcgcttce

gaggcgdtgg

ggtgaggctc

gcgcaagaga

atcatgatgt

caagtccttyg
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-continued

cagccggtgt
acctgaagat
tgtcgacgag
aggtcgacat
tcecectggeaa
cagacgacgt
ctaagcggga
accttctgga
tggcgcacga
aattcgactg

actcggagat

tcgaaggcgt

cgtgcatcgt

ttgcggtttt

atattatcgc

ctggagtgca

ggaccatgtc

gatcgagacc

acggcaacca

acgaatgctyg

ataccttgct

gtcgttcaac

cctcgacttc

cggggatggce

«212>
<213>
«220>
<223 >

<400>

TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

PRT

SEQUENCE :

Met Ala Glu Phe

1

Thr

Leu

Thr

Leu

Leu

Ser

145

Gly

ATg

Val

ASP

Tle

Ser

Val

Lys

50

ATrg

Leu

Glu

Glu

Lys

130

Agn

Leu

Glu

Gly
210

Tle

Arg

Cys

35

Tle

Glu

Ser

Leu

Lys

115

Tle

Ala

Val
195

Thr

Tyr

20

Ala

Met

Leu

ASP

Leu

100

Gln

Val

Leu

ATg

ATJg

180

ASDP

Pro

Glu

2

Val
5
Thr

2la

Ile

85

Gly

Phe

Hig

Tle

Val

165

Ala

Tle

Leu

Leu

ATg

Glu

ATrg

Pro

Leu

70

Phe

Thr

Tle

Ser

Agn

150

Gln

Pro

Trp

Phe

Leu

Synthetic

Ala

Leu

AsSp

Phe

55

Leu

Ile

Asp

Gln

Ala

135

Glu

AsSp

Glu

Ser

Pro
215

Gly

Thr

Gln

Gln

40

Ser

Ser

Leu

Tyr

120

Gly

Agn

Pro

Ile

2la

200

Gly

Thr

Ile

Pro

25

Leu

Thr

His

Pro

His

105

Phe

Val

Gln

Met
185

Gly

Pro

Phe

10

Val

Thr

Pro

Leu

Leu

50

Leu

Val

ASp

Met

170

Leu

ASpP

Pro

Gly

Gly

Gly

Val

Gly

75

Glu

Leu

His

Leu

155

Thr

Thr

ITle

His

ASpP

Thr

Met

Ala

Leu

60

Hig

ASDP

Leu

Gln

ATYJ

140

Gly

Trp

Phe

Val
220

ASpP

Thr

Gly

Pro

45

Ser

Glu

Ile

Thr

Tle

125

Asp

Tle

Gln
Ala
205

Asn

Vval

Phe
Ala
20

Val

Agn

Ser
110

Leu

Leu

Val
Lys
190

Glu

Gln

Tle

Glu

15

Phe

2la

Arg

Tle

Ser

55

Arg

Arg

Gly

Ser
175

Met

Phe

Glu

Ile

Gly

Val

Thr

Tle

80

Val

Pro

Gly

Pro

Phe

160

Thr

ASpP

Leu

Ser

Thr

420

480

540

600

660

720

780

840

500

960

1020

1080

1101

20
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-continued
225 230 235 240
Ile Cys Ser Glu Asn Thr Leu Arg Phe Val Lys Ser Leu Pro Lys Arg
245 250 255
Glu Arg Gln Pro Leu Thr Ser Arg Phe Lys Asn Ala Asp Pro Glu Ala
260 265 270
Val Asp Leu Leu Glu Arg Met Leu Val Phe Asp Pro Lys Lys Arg Ile
275 280 285
Arg Ala Gly Glu Ala Leu Ala His Glu Tyr Leu Ala Pro Tyr His Asp
290 2985 300
Pro Thr Asp Glu Pro Glu Ala Gln Glu Lys Phe Asp Trp Ser Phe Asn
305 310 315 320
Asp Ala Asp Leu Pro Val Asp Thr Trp Arg Ile Met Met Tyr Ser Glu
325 330 335
Ile Leu Asp Phe His Asn Ile Asp Gln Ser Glu Asp Ala Gly Gln Val
340 345 350
Leu Val Glu Gly Val Gly Asp Gly Gln Gln Ala Phe Ala Ala
355 360 365
<210> SEQ ID NO 3
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 3
aagaagatta tgaagccttt cagc
<210> SEQ ID NO 4
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 4
cataattttec catgtgtcga ccgg
<210> SEQ ID NO 5
<211> LENGTH: 27
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 5
atggcggaat tcgtgcgtgce cacgatt
<210> SEQ ID NO 6
<211> LENGTH: 27
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 6
ggccgcgaat gcecctgectgge catcccec
<210> SEQ ID NO 7
<211> LENGTH: 35
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:



23

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 7

caaagcttat ggcggaattc gtgcecgtgcca cgatt

<210> SEQ ID NO 8

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 8

ggccgcgaat gcctgcetgge catccecec

<210> SEQ ID NO ©

<211> LENGTH: 29

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 9

acaaagctta tgaccactaa cgaggaatt

<210> SEQ ID NO 10

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 10

ctggcggcceg cttactgttg gaactcatta g

<210> SEQ ID NO 11

<211> LENGTH: 20

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 11

atgtctgctg ctgctgatag

<210> SEQ ID NO 12

<211l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 12
agagcctcga aaaaagtggg
<210> SEQ ID NO 13
<211> LENGTH: 349
<212> TYPRE: PRT

<213> ORGANISM: Saccharomyces pombe

<400> SEQUENCE: 13
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35

27

29

31

20

20

Met Ala Glu Phe Ile Arg Thr Gln Ile Phe Gly Thr Cys Phe Glu Ile

1 5 10

15

Thr Thr Arg Tyr Ser Asp Leu Gln Pro Ile Gly Met Gly Ala Phe Gly

20 25

30

24



Leu

Tyr

65

Ser

Thr

Leu

Leu

Ser

145

Gly

ATrg

Val

Glu

Tle

225

Ile

Glu

Tle

Ser

Pro

305

ASP

Val

<210>
<211>
<212 >
<213>

<400>

Val

Lys

50

Arg

Leu

Glu

Glu

Lys

130

Agn

Leu

Glu
Gly
210

Tle

ASpP

ala

290

Thr

Agn

Leu

Cys

35

Tle

Glu

Ser

Leu

Thr
115
Phe

Tle

Ala

Val

195

Thr

Ser

Val

Leu

275

Ala

ASP

ASP

Ser

Ser

Met

Leu

ASP

Leu

100

Gln

Val

Leu

ATJg

ATrg

180

ASP

Pro

Glu

Pro

260

Leu

ASP

Glu

Leu

Phe
240

PRT

SEQUENCE :

Met Thr Thr Asn

1

Phe Glu Ile Thr

20

Ala Phe Gly Leu

35

Val Ala Ile Lys

50

Ala

Tle

85

Gly

Phe

His

Tle

Ile

165

Ala

Ile

Leu

Leu

Asn

245

Phe

Glu

Ala

Pro

Pro

325

His

SEQ ID NO 14
LENGTH :
TYPE :
ORGANISM: Saccharomyces cerevigiae

435

14

Glu
5

AsSn

Val

Lys

Pro

Leu

70

Phe

Thr

ITle

Ser

Agn

150

Gln

Pro

Trp

Phe

Leu

230

Thr

Ala

Leu
Vval
210

Val

ASh

Glu

ATrg

Cvys

Tle

25

Asp

Phe

55

Leu

Tle

Asp

Gln

Ala

135

Glu

Asp

Glu

Ser

Pro

215

Gly

Leu

Glu

Met

Ala

295

bAla

Glu

Met

Phe

Ser

Met
55

Gln
40

Ser

Ser

Leu

Tyr

120

Gly

Agn

Pro

Tle

2la

200

Gly

Thr

ATy

Leu

280

Hig

ASDP

Thr

ASpP

Tle

Agn

2la
40

Leu

Thr

His

Pro

His

105

Phe

Val

Gln
Met
185

Gly

Pro

Phe

Phe

265

Val

Agn

Glu

Trp

AgSh
345

Gly
ASDP
25

Thr

Pro

Thr

Pro

Leu

Phe

50

Arg

Leu

Tle

ASp

Met

170

Leu

ASp

Pro

Val

250

Phe

Val

Lys
330

Glu

Thr
10

Leu

ASpP

Phe

Gly

Val

ATrg

75

Glu

Leu

His

Leu

155

Thr

Thr

Ile

His

Met

235

Gln

Asnh

ASpP

Leu

Phe

315

Val

Leu

Gln

Agnh

Thr

Ser

-continued

Met

Leu

60

Hisg

ASDP

Leu

Gln

ATrg

140

Gly

Trp

Phe

Val

220

Glu

Ser

Ala

Pro

Ala

300

ASD

Met

Gln

Tle

Pro

Leu

Thr
60

Asn Val Ala

45

Ala

Glu

Tle

Thr

Ile

125

Asp

Tle

Gln

Ala

205

Agh

Vval

Leu

Asp

Arg

285

Pro

Trp

Met

Ser

Phe

Vval

Thr

45

Ala

Lys

Agn

Ser
110

Leu

Leu

Val

Lys

120

Glu

Gln

Tle

Pro

Pro
270

Ser

Gly
Gly
30

Ser

Val

Arg

Tle

Phe

55

Arg

ATrg

ASpP

Ser

175

Met

Phe

Glu

Gln

255

ASpP

Arg

Hig

Phe

Ser
335

Thr
15
Met

Gln

Leu

US 8,044,190 B2

Val

Thr

ITle

80

Val

Pro

Gly

Pro

Phe

160

Thr

Agn

Ile

Ser

Thr

240

Ala

Tle

ASpP

Gln

320

Glu

Val

Gly

Pro

Ala

26



Lys
65

Agn

Thr

Leu

Leu

145

Val

Glu

Gln

225

Tle

Pro

Pro

Tyr
305

His

Ile

Ala

Met

385

Ser

ASpP

Phe

<210>
<211>
<212 >
<213>

<400>

ATrg

Leu

Phe

Arg

Arg

130

ASp

Ser

Met

210

Phe

AgSh

His

ASpP

Arg

290

His

Phe

Ser

ASpP

Ala

370

2la

ASpP

Thr

Gln

Thr

Tle

Val

Pro

115

Gly

Pro

Phe

Thr

ASP

195

Tle

Ser

Thr

Ala

275

Tle

ASP

Agn

Glu

Ile

355

Ala

Ala

Ile

Tle

Gln
435

Thr

100

Leu

Leu

Ser

Gly

ATg

180

Val

Glu

Ile

Tle

ASDP

260

Val

Thr

Pro

ASP

Tle

340

Ser

Gln

His

Ala

Thr
420

PRT

SEQUENCE :

ATy
Leu
85

Glu

Glu

Asn

Leu

165

Glu

Gly

Ile

Cvs

245

Pro

Asp

2la

Thr

Ala

325

Leu

Ala

Ala

Ser

Gly

405

AsSp

SEQ ID NO 15
LENGTH :
TYPE :
ORGANISM: Aspergillus nidulans

379

15

Glu
70

Gln

Leu

ITle
150

Ala

Val

Thr
230

Ser

Tle

Leu

Ala

ASpP

310

ASP

ASpP

Thr

Gln

His

390

Gly

27

Leu
Asp
Gln
Gln
Val
135
Leu
Arg
Arg
Asp
Pro
215
Asp
Glu
Pro
Leu
Asp
295
Glu
Leu
Phe
Phe
Ala
375
ASn

Asn

Gly

Tle

Gly

Phe

120

His

Ile

Tle

Ala

Ile

200

Leu

Leu

Agh

Phe

Glu

280

Ala

Pro

Pro

His

ASP

360

Gln

Gly

Agh

Leu

Phe

Thr

105

Val

Ser

Agn

Gln

Pro

185

Trp

Phe

Leu

Thr

Ser

265

Leu

Val

Val

Lys

345

ASP

Ala

Ala

Val

Gln
425

Leu

Leu

90

ASpP

Gln

2la

Glu

ASp

170

Glu

Ser

Pro

Gly

Leu

250

Glu

Met

2la

2la

ASpP

330

Tle

Gln

Gln

Gly

Ser

410

Ala

Liys
75

Ser

Leu

Gly

Agnh

155

Pro

ITle

Ala

Gly

Ser
235

ATrg

Leu

His

ASpP

315

Thr

Gly

Val

Ala

Thr

395

ASDP

Ile

-continued

His Leu Arg His

Pro

Hisg

Phe

Val

140

Gln

Met

Gly

Lys

220

Pro

Phe

Phe

Val

Pro

300

Ala

Trp

Gly

Ala

Gln

380

Thr

Hig

Gln

Leu

Arg

Leu

125

Tle

Asp

Met

Leu

Cys

205

Asp

Pro

Val

Phe
285

Arg

Ser

Ala
365
Val

Gly

Val

Glu

Leu

110

His

Leu

Thr

Thr

190

Ile

His

Thr

Thr

270

ASP

Ser

Phe

Val

ASP

350

Ala

Gln

Agn

Ala

Ala
430

ASpP
o5
Leu

Gln

Arg

Gly

175

Trp

Phe

Val

ASP

Ser

255

Val

Pro

2la

ASpP

Met

335

Gly

Thr

Leu

ASP

2la

415

AgSh

US 8,044,190 B2

Glu

80

Tle

Gln

Tle

ASp

Ile

160

Gln

Ala

His

Val

240

Leu

Glu

Pro

Trp

320

Met

Gln

2la

Agh

His

400

Agn

Glu

28



Met

Thr

Leu

Tyr

65

Ser

Thr

Leu

Leu

Ser

145

Gly

ATrg

Ala

Leu

Tle

225

Tle

Glu

Pro

Leu

Glu

305

ASp

ASP

ASpP

Glu

<210>
<211>
<212 >
<213>

<400>

2la

Ser

Val

Lys

50

Arg

Leu

Glu

Glu

Lys

130

Agn

Leu

Gly
210

Tle

Pro

ASp

Leu

290

Ala

Glu

Leu

Phe

Gly
370

Glu

Cys

35

Tle

Glu

Ser

Leu

Lys

115

Tle

Ala

Val

195

Ala

Thr

Ser

Gln

Lys

275

Ala

Pro

Pro

His

355

Ala

Phe

Tyr

20

Ser

Met

Leu

ASP

Leu

100

Gln

Val

Leu

ATg

ATy

180

ASDP

Pro

Glu

Glu

ASP

260

Ala

Leu

Val

Val

340

Agnh

Gly

PRT

SEQUENCE :

Val

Thr

2la

Ile

85

Gly

Phe

His

Tle

Ile

165

Ala

Vval

Leu

Leu

AsSn

245

Leu

Pro

Met

Ala

Ala

325

Asp

ITle

Leu

SEQ ID NO 16
LENGTH :
TYPE :
ORGANISM: Aspergillus

347

16

ATYg

ASpP

ATg

Pro

Leu

70

Phe

Thr

Tle

Ser

Agn

150

Gln

Pro

Trp

Phe

Leu

230

Thr

Ala

Glu

Leu

Ala

310

Glu

Thr

ASP

Agn

29

Ala

Leu

Asp

Phe

55

Leu

ITle

Asp

Gln

Ala

135

Glu

Asp

Glu

Ser

Pro

215

Gly

Leu

Glu

Val

295

Pro

Glu

Trp

Gln

Gln
375

Gln

Gln

Gln

40

Ser

Ser

Leu

Tyr

120

Gly

Agn

Pro

Tle

2la

200

Gly

Thr

ATrg

Leu

ASDP
280

Gly
360

Gln

nidulans

Tle

Pro

25

Leu

Thr

His

Pro

His

105

Phe

Val

Gln
Met
185

Ala

Pro

Phe

Pro

265

Glu

Agn

Leu

Phe

Ile

345

Gly

Gly

Phe

10

Val

Thr

Pro

Leu

Leu
S0

Leu

Val

ASp

Met

170

Leu

ASpP

Pro

Val
250

ASp

Pro

Ala

ASp

330

Met

ASp

Phe

Gly

Gly

Ala

Val

Arg

75

Glu

Leu

Hisg

Leu

155

Thr

Thr

ITle

His

ASp

235

Phe

Pro

315

Trp

Met

Ile

Gln

-continued

Thr Thr Phe Glu

Met

Gln

Leu

60

Hig

ASP

Tle

Gln

ATYJ

140

Gly

Trp

Phe

Val

220

ASD

Ser

Leu

ASDP

300

Ser

Agnh

Gly

Pro

45

Sexr

Glu

Ile

Ser

Tle

125

Asp

Tle

Gln
Ala
205

Asn

val

Leu

Ala

AsSn

285

Arg

His

Phe

Ser

Pro
3265

Ala
30

Val

Agn

Ser
110

Met

Leu

Val

Lys

120

Glu

Gln

Tle

Pro

Leu

270

Thr

Ile

ASP

Agn

Glu

350

Ala

15

Phe

2la

Arg

Tle

Phe

S5

Arg

Arg

ASP

Ser

175

Met

Phe

Gln

Lys

255

Val

Tle

Ser

Glu

ASP

335

Ile

Leu
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Tle

Gly

Val

Thr

Tle

80

Val

Pro

Gly

Pro

Phe

160

Thr

ASp

Leu

Ser

Thr

240

ATrg

Hig

Agn

2la

Thr

320

Ala

Leu

Val

30



Met

Thr

Val

Tyr

65

AsSn

Thr

Leu

Leu

Gly

145

Gly

ATrg

Ser

Leu

Leu

225

Tle

AsSn

Ala

Ile

ASpP

305

Agn

Hig

2la

Ser

Val

Lys

50

Arg

Met

Glu

Glu

Lys

130

Agn

Leu

Gly

210

Tle

Thr

Hig

Leu

Ser

290

Pro

ASpP

His

Glu

Cys

35

Met

Glu

Ser

Leu

Ser

115

Leu

Ala

Val

195

Thr

Thr

Leu

Agn

275

Ala

Thr

Ala

Phe

Tyr

20

Ser

Met

Val

ASP

Leu

100

Ile

Leu

ATg

ATy

180

ASDP

Pro

ASDP

Agn

Glu

260

Leu

Glu

ASP

ASDP

Ser
340

Tle

2la

2la

Ile

85

Gly

Phe

His

Tle

Val

165

Ala

Leu

Leu

Leu

AsSn

245

Pro

Leu

Gln

Glu

Leu

325

Asp

ATYg

Agn

Pro

Leu

70

Phe

Thr

Ala

Ser

Agn

150

Gln

Pro

Trp

Phe

Leu

230

Val

Ala

ASpP

Gly

Pro

310

Pro

Val

31

sSer
Leu
Asp
Phe

55

Leu
ITle
Asp
Gln
Ala
135
Glu
Glu
Glu
Ser
Pro
215
Gly
Arg
Asn
Asn
Leu
295
Val

Leu

Val

ASP

Gln

Leu

40

Hisg

Arg

Ser

Leu

Tyr

120

Gly

Agn

Pro

Tle

Val

200

Gly

Agn

Agn

Gly

Leu

280

Met

Ala

ASP

Ser

Tle

Pro

25

Tle

Ser

His

Pro

His

105

Phe

Val

Gln

Met

185

Gly

Thr

Pro

Pro

Agn

265

Leu

His

Thr

Thr

Phe
345

Leu

10

Val

Ser

Thr

Leu

Leu
S0

Thr

Ile

ASp

Met

170

Leu

ASpP

Pro

2la
250

Arg

Val

Pro

Glu

Trp

330

Thr

Gly

Gly

Glu

Ser

Arg

75

Glu

Leu

Tyr

Hisg

Leu

155

Thr

Thr

ITle

His

ASp

235

Pro

AYg

Phe

Trp

Gln

315

Lys

Leu
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-continued

Thr

Leu

Gln

Val

60

Hig

ASP

Leu

Gln

ATYJ

140

Gly

Trp

Leu

Ile

220

Glu

ASpP

ITle

ASD

Met

300

Phe

Tle

Thr

Gly

Val

45

Ala

Asp

Val

Agh

Tle

125

Asp

Tle

Gln
Ala
205

Asn

val

Leu

Asp

Pro

285

Ala

Asp

Met

Phe
Thr
30

Val

Agn

Gly
110

Leu

Leu

Val

Arg

120

Glu

Gln

Tle

Gln

Ser

270

ASP

Pro

Trp

Met

Glu Thr

15

Ala Gly

2la Ile

Arg Thr

Tle
80

Leu

Leu Val

S5

Pro

Gly

Pro

Phe
160

ASP

Ser Thr

175

Gly

Met Leu

Phe Trp

ASp Arg

240

Pro Serxr

255
sSer Gly
Arg

His

Phe
320

Ser

Tyvr Val

335

The invention claimed 1s:

1. An 1solated nucleic acid, comprising a DNA having a
nucleotide sequence selected from the group consisting of

SEQ ID NO: 1 and 1solated DNA having a nucleotide
sequence differing from SEQ. ID NO: 1 in codon sequence

due to the degeneracy of the genetic code.
2. The 1solated nucleic acid according to claim 1, compris-
ing a DNA consisting of the nucleotide sequence of SEQ ID

NO: 1, saiad DNA consisting of the coding sequence of
EhHOG, encoding for the EhHOG protein of Furotium her-

bariorum ol SEQ ID NO: 2.

60

65

3. A chimeric construct capable of expression 1n host cells,

comprising: (a) a DNA sequence of SEQ ID NO: 1 coding for
the EhHOG protein of SEQ ID NO: 2, and (b) DNA
sequences enabling expression of the EhHOG protein 1n host
cells.

4. A chimeric construct according to claim 3, wherein the
DNA sequences enabling expression of the EhHOG protein

includes a promoter operably linked to the DNA sequence of
SEQ ID NO: 1.
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5. A chimeric construct according to claim 4, wherein the
promoter 1s selected from the group consisting of a constitu-
tive promoter, a tissue-specific promoter and a stress-induced
promoter.

6. A recombinant vector comprising the nucleic acid
according to claim 2.

7. An expression vector comprising the chimeric construct
according to claim 3.

8. A host cell transformed with the nucleic acid according,
to claim 2, wherein said host cell 1s a yeast cell or a plant cell.

9. A transgenic plant generated from a plant cell according,
to claim 8.

10. A transgenic plant transformed with the DNA of SEQ
ID NO: 1 that encodes the protein EnHOG consisting of the
amino acid sequence as shown in SEQ ID NO: 2, said DNA
being operably linked to DNA sequences enabling expression
of the EhHOG protein 1n plant cells and subsequent improve-
ment of tolerance of the plant to abiotic stress.

11. A transgenic plant according to claim 10, comprising a

10

15

recombinant expression vector comprising a plant promoter 20

operably linked to the DNA of SEQ ID NO: 1.

34

12. A transgenic plant which contains in its cells a chimeric
construct according to claim 3 such that the plant exhibits
tolerance to abiotic stress.

13. A transgenic plant according to claim 10, wherein said
abiotic stress 1s osmotic, heat, freeze, dehydration, oxidative
or high salinity stress.

14. A transgenic plant according to claim 13, wherein said
plant 1s selected from the group consisting of tomato, rice,
wheat, barley, corn, oats, beans including soybean, and peas.

15. A biologically pure culture of a microorganism trans-
formed with an 1solated nucleic acid comprising the DNA of
SEQ ID NO: 1 that encodes the protein EnHOG consisting of
the amino acid sequence as shown 1n SEQ ID NO: 2, said
DNA being operably linked to DNA sequences enabling
expression of the EhHOG protein 1n the microorganism cells
and subsequent improvement of tolerance of the microorgan-
1sm to abiotic stress.

16. A biologically pure culture according to claim 185,
wherein said microorganism 1s yeast or bactena.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

